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( Start ) 

Output a control signal to indicate a 
second region according to complexity of 

the first display line L-l and the ~310 
second display line L+1 in the first 

region corresponding to the target pixel 

Generate similarity Q of the possible 
edge angles of pixel pairs of the 

first display line L-l and the second 
display line L+l in the second region 

Compare the similarity Q and 
select a preferred edge angle A @330 
from the possible edge angles 

Generate pixel data D of the 
target pixel according to the @340 

preferred edge angle A 

End 

FIG. 3 
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( Start ) 

Output a prediction signal S6 to 
indicate a predicted angle region of 
the possible edge angles when each 

of the luminance distribution curves 
of the first display line L—l and 
the second display line L+l in the 
third region corresponding to the 
target pixel has an extreme value 

@510 

Generate similarity Q’ of the 
possible edge angles corresponding @520 

to the predicted angle region 

Compare the similarity Q’ and 
select a preferred edge angle A’ @530 
from the possible edge angles 

Generate pixel data D’ of the 
target pixel according to the @540 

preferred edge angle A’ 

End 

FIG. 5 
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( Start ) 

Output a prediction signal S6 to indicate 
a predicted angle region of the possible 
edge angles when each of the luminance 

distribution curves of the first display ~710 M 
line L—l and the second display line L+l 
in the third region corresponding to the 

target pixel has an extreme value 

Output a control signal S3 to indicate 
a second region according to complexity 
of luminance distribution curves of the 
first display line L-l and the second 
display line L+l in the first region 
corresponding to the target pixel 

N720 

Generate similarity Q" of the possible 
edge angles of pixel pairs of the 

first display line L-l and the second ~730 
display line L+l in the second region 

and/or the predicted angle region 

Compare the similarity Q" and 
select a preferred edge angle A" @740 
from the possible edge angles 

Generate pixel data D" of the 
target pixel according to the @750 

preferred edge angle A" 
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EDGE ADAPTIVE DE-INTERLACING 
APPARATUS AND METHOD THEREOF 

[0001] This application claims the bene?t of TaiWan appli 
cation Serial No. 95103568, ?led Jan. 27, 2006, the subject 
matter of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The invention relates in general to an edge adaptive 
de-interlacing apparatus and associated method, and more 
particularly to an edge adaptive de-interlacing apparatus and 
method, Which can accurately obtain an edge angle by 
detecting extreme values or complexity of a region sur 
rounding a target pixel. 
[0004] 2. Description of the Related Art 
[0005] Conventional TV programs are transmitted and 
displayed in an interlaced Way. Take television as an 
example, and in a process of displaying a frame, it displays 
an odd ?eld and an even ?eld alternatively. The odd ?eld is 
composed of odd numbers of display lines in the frame While 
the even ?eld is composed of even numbers of display lines 
in the frame. 
[0006] The refresh rate of a television is normally 30 HZ, 
that is, 30 frames per second are displayed. Each frame is 
divided into an odd ?eld and an even ?eld for display. 
Therefore, there are 60 ?elds in one second for display. 
[0007] OWing that progressive display has a higher quality 
than the interlaced display, an advanced display apparatus 
can perform de-interlacing display, such as a high de?nition 
TV (HDTV). 
[0008] If the interlaced ?elds are to be displayed in a 
de-interlacing Way, the interlaced ?elds should be de-inter 
laced ?rst and then displayed in complete frames. There are 
tWo de-interlacing method. The ?rst method is to merge the 
adjacent odd ?eld and even ?eld into a complete frame. This 
kind of method easily causes a saW-tooth effect on a moving 
picture, thereby in?uencing a frame quality. 
[0009] The second de-interlacing method is to interpolate 
the missing display lines in the odd ?eld or even ?eld. The 
above-mentioned missing display lines are generated by 
respectively interpolating for each target pixel by using tWo 
vertical adjacent display lines in the same ?eld. 
[0010] When interpolating a missing line in the same ?eld, 
a target pixel in that display line is used as a center to ?nd 
out every possible edge angle and then an edge angle is 
selected. Finally, a color value of the target pixel is inter 
polated according to the selected edge angle. 
[0011] HoWever, the quality of the frame generated by 
interpolating display lines is determined by Whether the 
selected edge angle is correct. Selecting a Wrong edge angle 
Will result in interpolating incorrect color values for the 
target pixel and bad interpolated image quality. 

SUMMARY OF THE INVENTION 

[0012] The invention provides an edge adaptive de-inter 
lacing apparatus and method thereof. By detecting extreme 
values or complexity of tWo adjacent display lines, a pre 
ferred edge angle can be found and proper pixel data can be 
interpolated in betWeen the above tWo display lines to avoid 
frame distortion due to selection of an incorrect edge angle. 
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[0013] According to a ?rst aspect of the present invention, 
an edge adaptive de-interlacing apparatus for de-interlacing 
a target pixel including a complexity detection module, a 
quali?er, a comparator and a mixer is provided. The com 
plexity detection module detects complexity associated With 
the target pixel. The quali?er is coupled to the complexity 
detection module for generating similarity of at least one 
possible edge angle in response to the complexity. The 
comparator is coupled to the quali?er for selecting a pre 
ferred edge angle according to the similarity of the at least 
one possible edge. The mixer is coupled to the comparator 
for generating pixel data of the target pixel according to the 
preferred edge angle. 
[0014] According to a second aspect of the present inven 
tion, an edge adaptive de-interlacing method for de-inter 
lacing a target pixel is provided. The method includes 
detecting complexity associated With the target pixel; gen 
erating similarity of at least one possible edge angle in 
response to the complexity; selecting a preferred edge angle 
according to the at least one possible edge angle; and 
generating pixel data of the target pixel according to the 
preferred edge angle. 
[0015] According to a third aspect of the present inven 
tion, an edge adaptive de-interlacing method for de-inter 
lacing a target pixel is provided. The method includes 
detecting complexity associated With the target pixel; per 
forming an adaptive edge detection according to the com 
plexity to determine a preferred edge angle; and de-inter 
lacing pixel data of the target pixel according to the 
preferred edge angle. 
[0016] According to a fourth aspect of the present inven 
tion, an edge adaptive de-interlacing apparatus for de 
interlacing a target pixel including an extreme-value detec 
tion module, a quali?er, a comparator, and a mixer is 
provided. The extreme-value detection module is for detect 
ing at least an extreme-value position of a luminance dis 
tribution curve in a ?rst region related to the target pixel and 
accordingly outputting a prediction signal for indicating a 
predicted angle region. The quali?er is coupled to the 
extreme-value detection module for generating similarity of 
at least one possible edge angle in response to the predicted 
angle region. The comparator is coupled to the quali?er for 
selecting a preferred edge angle according to the similarity 
of the at least one possible edge angle. The mixer is coupled 
to the comparator for generating pixel data of the target pixel 
according to the preferred edge angle. 
[0017] According to a ?fth aspect of the present invention, 
an edge adaptive de-interlacing method for de-interlacing a 
target pixel is provided. The method includes detecting at 
least an extreme-value position of the ?eld surrounding the 
target pixel and accordingly outputting a prediction signal 
for indicating a predicted angle region; generating similarity 
of at least one possible edge angle in response to the 
predicted angle region; selecting a preferred edge angle 
according to the similarity of the at least one possible edge 
angle; and generating pixel data of the target pixel according 
to the preferred edge angle. 
[0018] The invention Will become apparent from the fol 
loWing detailed description of the preferred but non-limiting 
embodiments. The folloWing description is made With ref 
erence to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a schematic diagram of a ?rst display line, 
a second display line and a pixel of a to-be-interpolated 
display line. 
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[0020] FIG. 2 is a block diagram of a de-interlacing 
apparatus according to a ?rst embodiment of the invention. 
[0021] FIG. 3 is a How chart of a de-interlacing method 
applied to the de-interlacing apparatus in FIG. 2 according 
to an embodiment of the invention. 
[0022] FIG. 4 is a block diagram of a de-interlacing 
apparatus according to a second embodiment of the inven 
tion. 
[0023] FIG. 5 is a How chart of a de-interlacing method 
applied to the above de-interlacing apparatus in FIG. 4 
according to a preferred embodiment of the invention. 
[0024] FIG. 6 is a block diagram of a de-interlacing 
apparatus according to a third embodiment of the invention. 
[0025] FIG. 7 is a How chart of a de-interlacing method 
applied to the de-interlacing apparatus in FIG. 6 according 
to a preferred embodiment of the invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The de-interlacing apparatus transforms an inter 
laced image into a de-interlacing image for output such that 
a preferred edge angle can be obtained for accordingly 
interpolating the absent display lines correctly in an odd 
?eld or even ?eld. In the embodiment, by detecting com 
plexity of, for example, a ?rst display line and a second 
display line located adjacently the to-be-interpolated display 
line, the correct edge angle can be found out for providing 
a delicate image frame. 
[0027] Referring to FIG. 1, a schematic diagram of a ?rst 
display line, a second display line and a to-be-interpolated 
display line associated With a target pixel is shoWn. The ?rst 
display line L_l includes pixels P1~Pn, the to-be-interpo 
lated display line LO includes pixels P1‘~Pn‘, and the second 
display line L+1 includes pixels P1“~Pn“. 
[0028] When interpolating a target pixel of the to-be 
interpolated display line LO betWeen the ?rst display line L_l 
and the second display line L+ 1, the de-interlacing apparatus 
selects a part of pixels of the ?rst display line L_l and the 
second display line L+1 related to the target pixel according 
to extreme values or complexity of luminance distribution 
curves of the ?rst display line L_l and the second display 
line L“. 
[0029] Possible edge angles are represented betWeen the 
selected part of pixels and the target pixel. The de-interlac 
ing apparatus ?nds out a preferred edge angle from all the 
possible edge angles to interpolate proper pixel data, such as 
grey values, for the target pixel. 
[0030] For example, When interpolating pixel data of the 
target pixel P100‘ of the to-be-interpolated display line LO, 
the de-interlacing apparatus selects pixels P81~P119 of the 
?rst display line L_l and pixels P81“~P119“ of the second 
display line L+1 symmetrically to the target pixel P100‘ 
according to extreme values or complexity of the ?rst 
display line L_l and the second display line L“. A plurality 
of possible edge angles are represented by the target pixel 
P100‘, the pixels P81~P119 and the pixels P81“~P119“. For 
example, the pixels P100 and P100“ and the target pixels 
P100‘ represent a possible edge angle Angle0, the pixel P99 
and P101“ and the target pixel P100‘ represent a possible 
edge angle Angle-l, and the pixels P101 and P99“ and the 
target pixel P100‘ represent a possible edge angle Angle+l. 
It can be analogiZed that the pixels P81~P119 and 
P81“~P119“ and the target pixel P100‘ form 39 possible edge 
angles. The de-interlacing apparatus then ?nds out a pre 
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ferred edge angle from the 39 possible edge angles and 
interpolates proper pixel data according to the preferred 
edge angle. 

Embodiment One 

[0031] Referring to FIG. 2, a block diagram of a de 
interlacing apparatus according to a ?rst embodiment of the 
invention is shoWn. A de-interlacing apparatus 20(1) 
includes a ?rst memory 210, a second memory 220, a 
complexity detection module 230, a quali?er 240, a com 
parator 250 and a mixer 260. The complexity detection 
module 230 includes a ?rst complexity detector 232, a 
second complexity detector 234 and a logic operation unit 
236. The ?rst memory 210 stores the above ?rst display line 
L_l and the second memory 220 stores the above second 
display line L+1 (as shoWn in FIG. 1). 
[0032] The ?rst complexity detector 232 detects a ?rst 
complexity of the ?rst display line L_l in a ?rst region 
corresponding to the target pixel. Pixel data of the pixels in 
the ?rst region can be represented by a luminance distribu 
tion curve With reference to their pixel positions. The ?rst 
complexity detector 232 outputs a ?rst determination signal 
S1 according to complexity of the distribution curve of the 
?rst display line L_1. For example, the ?rst determination 
signal S1 includes a plurality of ?rst ?ags for indicating 
Whether complexity of the ?rst display line L_l in the ?rst 
region exceeds a threshold value. For example, complexity 
of a predetermined region can be determined by the amount 
of extreme values in that region. When images in the region 
have a lot of extreme values, it represents brightness of 
images in that region varies very severely and image com 
plexity is high, and otherWise, image complexity is loW. 
[0033] Similarly, the second complexity detector 234 
detects a second complexity of the second display line L+1 
in a ?rst region corresponding to the target pixel. Relation 
ship of pixel data of pixels in the ?rst region relative to their 
pixel positions can be represented by a luminance distribu 
tion curve. The second complexity detector 234 outputs a 
second determination signal S2 according to complexity of 
the luminance distribution curve of the second display line 
L“. For example, the second determination signal S2 
includes a plurality of second ?ags for indicating Whether 
complexity of the second display line L+1 in the ?rst region 
exceeds a threshold value. 

[0034] The ?rst determination signal S1 and the second 
determination signal S2 are respectively output to the logic 
operation unit 236. The logic operation unit 236 performs a 
logic operation, such as a logic OR operation or a logic AND 
operation, according to the ?rst determination signal S1 and 
the second determination signal S2 and outputs a control 
signal S3 for indicating a second region to the quali?er 234 
after the logic operation. Preferably, if the logic operation 
unit 236 performs the logic OR operation, it determines the 
luminance distribution is complicated When at least one of 
complexity of the luminance distribution curves of the ?rst 
display line L_l and the second display line L+1 exceeds the 
threshold value. Alternatively, if the logic operation is a 
logic AND operation, it determines the luminance distribu 
tion is complicated only When complexity of the luminance 
distribution curves of the ?rst display line L_l and the 
second display line L+1 both exceeds the threshold value. 
Thus, the proper second region is determined accordingly. 
[0035] The quali?er 240 receives the control signal S3 and 
generates similarity Q of possible edge angles of pixel pairs 
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of the ?rst display line L_l and the second display line L+1 
in the second region. For example, the similarity Q quantiZes 
probability of every possible edge angle to become a pre 
ferred edge angle, Which can be determined by, for example, 
Whether there exist determined angles in the same direction 
among the neighboring pixels. 
[0036] The comparator 250 receives the similarity Q out 
putted by the quali?er 249 and compares the similarity Q of 
each possible edge angle for selecting a preferred edge angle 
A accordingly. The mixer 260 interpolates pixel data D for 
the target pixel according to the preferred edge angle. For 
example, the mixer 260 obtains an average value or a 
Weighting average of pixel data of the pixels on the preferred 
edge angel A. 
[0037] Referring to FIG. 3, a How chart of a de-interlacing 
method applied to the above de-interlacing apparatus 20(1) 
according to an embodiment of the invention is shoWn. First, 
in step 310, the complexity detection module 230 outputs the 
control signal S3 for indicating the second region according 
to complexity of luminance distribution curves of the ?rst 
display line L_l and the second display line L+1 in the ?rst 
region corresponding to the target pixel. 
[0038] Next, in step 320, the quali?er 240 receives the 
control signal S3, and generates the similarity Q of the 
possible edge angles of pixel pairs of the ?rst display line 
L’l and the second display line L+1 in the second region. In 
step 330, the comparator 250 compares the similarity Q and 
selects the preferred edge angle A from the possible edge 
angles. Finally, in step 340, the mixer 260 generates the 
pixel data D of the target pixel according to the preferred 
edge angle A. 
[0039] For example, When the frame contains characters 
for display, its complexity is higher. Contrarily, When the 
frame shoWs pictures, its complexity is loWer. Therefore, 
When the de-interlacing apparatus 20(1) is to interpolate 
pixel data of the target pixel P100‘ of the to-be-interpolated 
display line L0 (as shoWn in FIG. 1), the complexity detec 
tion module 230 outputs the control signal S3 according to 
complexity of the luminance distribution curves of the ?rst 
display line L_l and the second display line L+1 in the ?rst 
region corresponding to the target pixel P100‘. For example, 
the pixels in the ?rst region of the ?rst display line L_l are 
pixels P75~P125, and the pixels in the ?rst region of the 
second display line L+1 are pixel P75"~P125". 
[0040] Preferably, When complexity of the luminance dis 
tribution curves of the pixels P75~P125 and P75"~P125" is 
smaller than a threshold value, the de-interlacing apparatus 
20(1) selects a larger second region and the pixels in the 
larger second region of the ?rst display line L_l are pixels 
P90~P110 and the pixels in the larger second region of the 
second display line L+1 are pixels P90"~P110" for instance. 
[0041] Preferably, When complexity is larger than a thresh 
old value, the de-interlacing apparatus 20(1) selects a 
smaller second region to avoid a Wrong determination of a 
preferred edge angle. The pixels in the smaller second region 
of the ?rst display line L_l are pixels P95~P105 and the 
pixels in the smaller second region of the second display line 
L+1 are pixels P95"~P105" for instance. 
[0042] In this Way, When the complexity is high, the 
de-interlacing apparatus 20(1) ?nds out the preferred edge 
angle from the smaller second region and interpolates proper 
pixel data according to the preferred edge angle to avoid a 
Wrong selection of the preferred edge angle due to usage of 
an overlarge region. For example, as processing pixels, a 
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WindoW can de?ne a processing region. The siZes of the 
WindoW and the above region are associated With a prede 
termined number of the display lines to be considered in the 
surrounding. In this embodiment, the ?rst display line L_l 
and the second display line L+1 are taken as an example. 

Embodiment TWo 

[0043] Referring to FIG. 4, a block diagram of a de 
interlacing apparatus according to a second embodiment of 
the invention is shoWn. In the embodiment, an extreme 
value detection module 270 detects extreme values of the 
?rst display line L_l and the second display line L+1 in a 
third region corresponding to the target pixel. For example, 
When each of the luminance distribution curves of the ?rst 
display line L_l and the second display line L+1 in the third 
region has an extreme value, a prediction signal S6 is 
outputted for indicating a predicted angle region of possible 
edge angles. The de-interlacing apparatus 20(2) can thus 
more accurately ?nd out a preferred edge angle from the 
predicted angle region for interpolating pixel data. 
[0044] The extreme-value detection module 270 includes 
a ?rst extreme-value detector 272, a second extreme-value 
detector 274 and an angle predictor 276. The ?rst extreme 
value predictor 272 detects extreme values of a luminance 
distribution curve of the ?rst display line L_l in the third 
region and outputting a ?rst extreme-value signal S4 accord 
ing to at least one position(s) of the extreme values of the 
luminance distribution curve. For example, the extreme 
value of each display line can be determined by using a 
?rst-order differential calculation. An extreme value exists 
Where the differential value varies its positive or negative 
sign, i.e. a change of positive or negative sign in the 
differential operation. 
[0045] Similarly, the second extreme-value detector 274 
detects extreme values of a luminance distribution curves of 
the second display line L+1 in the third region and outputting 
a second extreme-value signal S5 according to at least one 
position(s) of the extreme values of the luminance distribu 
tion curve. 

[0046] When each of the luminance distribution curves of 
the ?rst display line L_l and the second display line L+1 has 
an extreme value, the angle predictor 276 outputs a predic 
tion signal S6 for indicating a predicted angle region accord 
ing to the ?rst extreme-value signal S4 and the second 
extreme-value signal S5. 
[0047] The quali?er 240 receives the prediction signal S6 
and generates similarity Q' of possible edge angles of pixel 
pairs of the ?rst display line L_l and the second display line 
L+1 corresponding to the predicted angel region. 
[0048] The comparator 250 receives the similarity Q' 
outputted by the quali?er 240 and compares the similarity Q' 
of the possible edge angles to select a preferred edge angle 
A'. The mixer 260 generates pixel data D' of the target pixel 
according to the preferred edge angle A'. 
[0049] FIG. 5 shoWs a How chart of a de-interlacing 
method applied to the above de-interlacing apparatus 20(2) 
according to a preferred embodiment of the invention. First, 
in step 510, the extreme-value detection module 270 detects 
the ?rst display line L_l and the second display line L+1 in 
the third region. When each of the luminance distribution 
curves of the ?rst display line L_l and the second display 
line L+1 in the third region With reference to the target pixel, 
a prediction signal S6 is outputted to indicate a predicted 
angle region of the possible edge angles. 
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[0050] Next, in step 520, the quali?er 240 receives the 
prediction signal S6 and generates the similarity Q‘ of the 
possible edge angles corresponding to the predicted angle 
region. In step 530, the comparator 250 compares the 
similarity Q‘ to select the preferred edge angle A‘ from the 
possible edge angles. Finally, in step 540, the mixer 260 
generates pixel data D‘ of the target pixel according to the 
preferred edge angle A. 
[0051] For example, When the de-interlacing apparatus 
20(2) interpolates pixel data of the target pixel P100‘ of the 
to-be-interpolated display line L0 (as shoWn in FIG. 1), the 
extreme-value detection module 270 outputs the prediction 
signal S6 according to the extreme values of the luminance 
distribution curves of the ?rst display line L_l and the 
second display line L+1 in the third region With reference to 
the target pixel P100‘. The pixels in the third region of the 
?rst display line L_l are pixels P75~P125 and the pixels in 
the third region of the second display line L+1 are pixels 
P75“~P125“ for instance. When detecting the extreme val 
ues on the pixel P102 of the ?rst display line L_1, for 
example, the ?rst extreme-value detector 272 outputs the 
?rst extreme-value signal S4 to the angle predictor 276. 
Similarly, When detecting out extreme values on the pixel 
P98" of the second display line L+ 1, for example, the second 
extreme-value detector 274 outputs the second extreme 
value signal S5 to the angle predictor 276. The angle 
predictor 276 generates the prediction signal S6 to the 
quali?er 240 for indicating the predicted angle region 
according to the ?rst extreme-value signal S4 and the second 
extreme-value signal S5. In this embodiment, the predicted 
angle region may encompass pixels P101~P103 and 
P97“~P99“. The de-interlacing apparatus 20(2) ?nds out a 
preferred edge angle from the possible edge angles repre 
sented by the pixels P101~P103 and P97“~P99“ and the 
target pixel P100‘ in order to interpolate the pixel data 
according to the preferred edge angle. 

Embodiment Three 

[0052] Referring to FIG. 6, a block diagram of a de 
interlacing apparatus according to a third embodiment of the 
invention is shoWn. A de-interlacing apparatus 20(3) respec 
tively detects extreme values and/or complexity of the ?rst 
display line L_l and the second display line L+1 via the 
extreme-value detection module 270 and the complexity 
detection module 230 to accurately ?nd out the preferred 
edge angle for interpolating proper pixel data. 
[0053] FIG. 7 shoWs a How chart of a de-interlacing 
method applied to the above de-interlacing apparatus 20(3) 
according to a preferred embodiment of the invention. First, 
in step 710, When each of the luminance distribution curves 
of the ?rst display line L_l and the second display line L+1 
has an extreme value Within the third region With respect to 
the target pixel, the extreme-value detection module 270 
outputs the prediction signal S6 to indicate a predicted angle 
region of the possible edge angles. 
[0054] Next, in step 720, if the luminance distribution 
curves of the ?rst display line L_l and the second display 
line L+1 in the third region With reference to the target pixel 
have a plurality of extreme values, the complexity detection 
module 230 outputs the control signal S3 to indicate a 
second region according to the complexity of the luminance 
distribution curves of the ?rst display line L_l and the 
second display line L+1 in the ?rst region With reference to 
the target pixel. Preferably, in the second region, at least one 
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of the ?rst display line L_l and the second display line L+1 
has complexity smaller than a threshold value. 
[0055] In step 730, the quali?er generates similarity Q“ of 
the possible edge angles of pixel pairs of the ?rst display line 
L_l and the second display line L+1 in the second region or 
the predicted angle region according to the control signal S3 
and/or the prediction signal S6. 
[0056] In step 740, the comparator 250 compares the 
similarity Q“ to select a preferred edge angle A“ from the 
possible edge angles. Finally, in step 750, the mixer 260 
generates pixel data D“ of the target pixel according to the 
preferred edge angle A“. 
[0057] For example, When the de-interlacing apparatus 
20(3) interpolates pixel data of the target pixel P100‘ of the 
to-be-interpolated display line L0 (as shoWn in FIG. 1), the 
extreme-value detection module 270 outputs the prediction 
signal S6 according to the extreme values of the luminance 
distribution curves of the ?rst display line L_l and the 
second display line L+1 in the third region With reference to 
the target pixel P100‘. The third region of the ?rst display 
line L_l includes pixels P75~P125 and the third region of the 
second display line L+1 includes pixels P75“~P125“ for 
instance. 
[0058] Preferably, When each of the luminance distribu 
tion curves of the ?rst display line L_l and the second 
display line L+1 in the third region has an extreme value, for 
example, the extreme-value detection module 270 detects 
the extreme values from the pixel P102 of the ?rst display 
line L_l and the pixel P98“ of the second display line L +1, 
the extreme-value detection module 270 outputs the predic 
tion signal to indicate a prediction angle region, including 
the pixels P101~P103 and P97“~P99“ for instance. 
[0059] The quali?er 240 generates the similarity Q“ of the 
possible edge angles represented by the pixels P101~P103 
and P97“~P99“ and the target pixel P100‘. The comparator 
250 selects the preferred edge angle A“ from the similarity 
Q“ of the possible edge angles and the mixer 260 generates 
the pixel data D“ of the target pixel according to the 
preferred edge angle A“. 
[0060] On the other hand, When the luminance distribution 
curves of the ?rst display line L_l and the second display 
line L+1 in the third region have a plurality of extreme 
values, the complexity detection module 230 outputs the 
control signal S3 to indicate a second region according to the 
complexity of the luminance distribution curves of the ?rst 
display line L_l and the second display line L+1 in a ?rst 
region corresponding to the target pixel. The ?rst region of 
the ?rst display line L_l includes pixels P75~P1125 and the 
?rst region of the second display line L+1 includes pixels 
P75“~P125“ for instance. 
[0061] The control signal S3 controls the quali?er 240 to 
generate the similarity Q“ of the possible edge angles of 
pixel pairs of the ?rst display line L_l and the second display 
line L+1 in the second region. For example, the pixels of the 
?rst display line L_l in the second region include pixels 
P90~P110 and the pixels of the second display line L+1 in the 
second region include pixels P90“~P110“. The comparator 
250 compares the similarity Q“ of the possible edge angles 
to select the preferred edge angle A“. The mixer 260 
generates the pixel data D“ of the target pixel according to 
the preferred edge angle A“. 
[0062] As mentioned above, the invention discloses an 
edge adaptive de-interlacing apparatus for de-interlacing a 
target pixel including a complexity detection module, a 
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memory module, a quali?er, a comparator and a mixer. The 
complexity detection module detects complexity surround 
ing the target pixel in the ?eld and the complexity represents 
an amount of extreme values existed in a region surrounding 
the target pixel. The memory module, such as a line buffer 
of a liquid crystal display (LCD) controller, is coupled to the 
complexity detection module for storing a plurality of dis 
play lines. For example, the memory module includes a ?rst 
memory for storing a ?rst display line and a second memory 
for storing a second display line. The quali?er is coupled to 
the complexity detection module for generating at least one 
possible edge angle(s) in response to the complexity. The 
comparator is coupled to the quali?er for selecting the 
preferred edge angle from the at least one possible edge 
angle by comparing the at least one possible edge angle(s). 
The mixer is coupled to the comparator for generating pixel 
data of the target pixel according to the preferred edge angle. 
For example, the mixer interpolates the pixel data of the 
target pixel by using a ?rst display line and a second display 
line adjacent to the target pixel. 
[0063] The invention discloses an edge adaptive de-inter 
lacing method for de-interlacing a target pixel. First, detect 
complexity surrounding the target pixel in the ?eld. Then, 
perform an adaptive edge detection according to the com 
plexity to determine a preferred edge angle. For example, a 
WindoW processing region is determined according to the 
complexity. The higher the complexity is, the smaller the 
Window processing region is chosen. lnversely, the loWer the 
complexity is, the larger the WindoW processing region is 
chosen. Finally, interpolate the pixel data of the target pixel 
according to the preferred edge angle. 
[0064] The edge adaptive de-interlacing apparatus and 
method disclosed by the above embodiment of the invention 
can accurately ?nd out the preferred edge angle for provid 
ing a delicate image frame by detecting extreme values 
and/or complexity of the luminance distribution curves of 
adjacent display lines. 
[0065] While the invention has been described by Way of 
example and in terms of a preferred embodiment, it is to be 
understood that the invention is not limited thereto. On the 
contrary, it is intended to cover various modi?cations and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modi?cations and 
similar arrangements and procedures. 

What is claimed is: 

1. An edge adaptive de-interlacing apparatus for de 
interlacing a target pixel, comprising: 

an extreme-value detection module, for detecting at least 
an extreme-value position of a luminance distribution 
curve in a ?rst region associated With the target pixel to 
output a prediction signal for indicating a predicted 
angle region; 

a quali?er, coupled to the extreme-value detection module 
for generating similarity of at least one possible edge 
angle in response to the predicted angle region; 

a comparator, coupled to the quali?er for comparing the 
similarity of the at least one possible edge angle to 
select a preferred edge angle; and 
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a mixer, coupled to the comparator for generating pixel 
data of the target pixel according to the preferred edge 
angle. 

2. The edge adaptive de-interlacing apparatus according 
to claim 1, Wherein the mixer generates pixel data of the 
target pixel by interpolating a ?rst display line and a second 
display line adjacent to the target pixel. 

3. The edge adaptive de-interlacing apparatus according 
to claim 1, Wherein the extreme-value detection module 
outputs the prediction signal to indicate the predicted angle 
region When each of luminance distribution curves of a ?rst 
display line and a second display line in the third region 
associated With the target pixel has an extreme value. 

4. The edge adaptive de-interlacing apparatus according 
to claim 1, further comprising a memory module coupled to 
the extreme-value detection module. 

5. The edge adaptive de-interlacing apparatus according 
to claim 4, Wherein the memory module is a line buffer. 

6. The edge adaptive de-interlacing apparatus according 
to claim 4, Wherein the memory module comprises: 

a ?rst memory, for storing a ?rst display line; and 
a second memory, for storing a second display line. 

7. The edge adaptive de-interlacing apparatus according 
to claim 1, Wherein the extreme-value detection module 
comprises: 

a ?rst extreme-value detector, for detecting a ?rst 
extreme-value position of a luminance distribution 
curve of a ?rst display line in the ?rst region and 
accordingly outputting a ?rst extreme-value signal; 

a second extreme-value detector, for detecting a second 
extreme-value position of a luminance distribution 
curve of a second display line in the ?rst region and 
accordingly outputting a second extreme-value signal; 
and 

an angle predictor, for outputting the prediction signal 
according to the ?rst extreme-value signal and the 
second extreme-value signal. 

8. An edge adaptive de-interlacing method for de-inter 
lacing a target pixel, comprising: 

detecting at least one extreme-value position surrounding 
the target pixel and accordingly outputting a prediction 
signal for indicating a predicted angle region; 

generating similarity of at least one possible edge angle in 
response to the predicted angle region; 

selecting a preferred edge angle according to the similar 
ity of the at least one possible edge angle; and 

generating pixel data of the target pixel according to the 
preferred edge angle. 

9. The de-interlacing method according to claim 8, 
Wherein in the step of generating pixel data, the pixel data 
of the target pixel are generated by interpolating a ?rst 
display line and a second display line adjacent to the target 
pixel. 

10. The de-interlacing method according to claim 8, 
Wherein at least one extreme-value position is determined by 
a change of a positive sign and a negative sign in a 
differential operation. 

11. The de-interlacing method according to claim 8, 
Wherein in the detecting step, the prediction signal is out 
putted to indicate the predicted angle region When each of 
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luminance distribution curves of a ?rst display line and a 
second display line in a predetermined region associated 
With the target pixel has an extreme Value. 

12. The de-interlacing method according to claim 11, 
Wherein the detecting step comprises: 

detecting a ?rst extreme Value of a luminance distribution 
curve of the ?rst display line in the predetermined 
region and accordingly outputting a ?rst extreme-Value 
signal; 
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detecting a second extreme Value of a luminance distri 
bution curve of the second display line in the prede 
termined region and accordingly outputting a second 
extreme-Value signal; and 

outputting the prediction signal to indicate the predicted 
angle region according to the ?rst extreme-Value signal 
and the second extreme-Value signal. 

* * * * * 


